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Objective: To study on Prof. GAO Zhong-ying’s drug selection law for treatment of chronic gastritis with data 
mining technique.  
Methods: The 407 medical records of chronic gastritis treated by Prof. GAO Zhong-ying were collected and the 
study on these drugs in the recipes was carried out with data mining method. Among them, the recipe composed of 
one drug was studied with frequency statistical method, correlativity between drug pairs with improved mutual 
information, correlativity among multi-drugs with complex system entropy cluster technique.  
Results: In treatment of chronic gastritis by Prof. GAO Zhong-ying there were 30 drugs with a higher use 
frequency of over 38 times, 94 commonly-used drug pairs with correlation coefficient of over 0.05, 11 
commonly-used drug core combinations.  
Conclusion: The results attained with data mining technique for studying experience of famous and old TCM 
physicians conform to the clinical practice and the method is of an important significance for summarization of 
famous and old TCM physicians’ experiences. 
Keywords: complex system entropy cluster; famous and old TCM physicians’ experiences; chronic gastritis 
(spleen deficiency and stomach dryness); drug selection law 
Prof. GAO Zhong-ying was born in a TCM family and 
has learned from TCM from younger. He is a famous and 
old TCM physician of national degree and is one of 
national 500 famous-old TCM specialists issued by The 
Minister of Health, PRC. and he is a teacher of histories 
of the second, third and forth batches . He has engaged in 
TCM clinical, teaching and scientific research works for 
55 years. He has successively held the posts of the chief 
of teaching and research sections of  TCM internal 
medicine and  pharmacology of traditional Chinese 
medicine formulae, researching and learning medical 
theories, and he is proficient in classical medical books, 
and is meticulous in clinical practice, creating “five zang 
reinforcing and supplementing method”, breaking out 
traditional theoretical conception, extending the 
reinforcing meaning, in clinical practice having unique 
thinking of syndrome differentiation and drug selection 
character , few and proper for prescription, with obvious 
therapeutic effects. Particularly, for treatment of spleen 
and stomach diseases, he has unique opinion with 
obvious therapeutic effects, and he accumulates rich 
clinical experiences in using simple Chinese medicines 
for syndrome differentiation treatment of chronic 
gastritis. At present, there are a less studies on the 
component law of recipes for treatment of TCM diseases 
and syndromes by famous-old TCM physicians. In the 
present paper, using complex system entropy cluster 
technique, the Prof. GAO’s effective recipe data were 
mined and the drug selection law of recipes for treatment 
of chronic gastritis were verified and tested in clinical 
practice.1 
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MATERIALS AND METHODS 
Criteria for Inclusion 
All the medical records studied came from Prof. GAO’s 
records in the Dashanlan Clinic and the Dongshi Tenth 
Road Clinic of Beijing Tong Ren Tang, and the Famous 
Physician Clinic of Gulou TCM Hospital from March 
2008 to July 2009. Altogether 407 recipes were included 
and all the cases conformed to the diagnostic criteria for 
chronic gastritis stipulated in the Guiding Principles of 
Clinical Studies of New Chinese Drugs in 2002.1 
Criteria for Exclusion 
1) The patients with peptic ulcer, severe heterotypic 
proliferation or suspicious canceration diagnosed by 
pathology in gastric mucosa; 2) The patients with severe 
primary diseases of heart, brain, liver, kidney and 
hematopoietic system, etc., and psychosis; 3) The women 
of pregnancy or wanting pregnancy, and breast-feeding 
women; 4) The patient with allergic composition and 
allergic response to many drugs. 
Construction of Recipe Database 
The recipes were classified and summarized by the core 
research team composed of Prof. GAO’s 3 academic 
inheritors with the title of association chief-physician or 
chief physician. For the requirement of analysis and 
mining, the constructive information was firstly 
summarized, and then the symptoms and signs, and the 
examination information were formed final unite 
information of technical terms and character segment 
names (value); The diagnosis, syndromes and treatment 
methods were unified, summed up, or separated into 
syndrome elements with relative dependent meanings 
according to the criteria of textbooks, finally forming a 
word segment bank of syndromes, treatment methods; 
The Chinese drugs used in the recipes were summed up, 
and the classification, functions, property, and channel 
tropism were defined. The Chinese drug names of the 
available teaching materials in the 21st century were 
used as standards. 
With the Access platform as a basis, a constructive 
medical record template suitable for collection of Prof. 
GAO’s clinical diagnosis and treatment information was 
constructed. The patient’s information all were recorded 
in the database according to national unified and 
standardized style for writing medical records. Clinical 
medical record data were recorded in detail and the 
clinical data of 407 medical records were recorded in 
Epidata database platform to process the database with 
entropy cluster and other methods, forming Prof. GAO’s 
medical record database. 
Data Ming Methods  
Mining of multi-levels and multi-dimensions of the 
famous and old TCM physician’s recipe database was 
conducted in the study from the three levels of one drug, 
drug pairs and multi-drugs, fully mining clinical 
experiences for treatment of chronic gastritis. The 
frequency statistical method was used for single drug, the 
modified mutual information for correlation between 
drug pairs.2 Compared with the traditional mutual 
information, the modified mutual information can 
differentiate positive correlation and negative correlation, 
making more positive correlation information between 
drug pairs were expressed. The core thought is to 
correlatively punish drug pairs occurred in a recipe at 
different time, thus, the information of the original 
positive drug pairs was not lost, and the negative drug 
pairs were deleted, ensuring the efficacy of mining. The 
principle of modified mutual information is the follows: 
Suppose n characteristic variables are expressed with 
nXXX ,,, 21 ⋯ , and the probability density functions 
are respectively )(,),(),( 21 nxpxpxp ⋯  iΩ is definition 
domain of variable ( 1,2, , )iX i n= ∧ , the combined 
probability distribution density of iX and jX is ),( ji xxp ( njni ,,2,1,,,2,1 ⋯⋯ == ), when the variable 
( 1,2, , )iX i n= ∧  is a dispersion variable，the Shannon 
entropy of the variable iX  can be expressed as:  
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When both the variables iX ( ni ,,2,1 ⋯= ) 
and jX ( nj ,,2,1 ⋯= ) are dispersion variables, the 
combined entropy will be: 
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Thus, mutual information between iX and jX  is 
expressed as: 
3) ),()()(),( jijiji XXHXHXHXXI −+=              
The above defined mutual information would meet some  
problems in practical use, because the definition of 
Journal of Traditional Chinese Medicine, December 2010; 30(4): 294-298 
 
296
mutual information can also be expressed as: 
)|()(
),()()(),(
jii
jijiji
XXHXH
XXHXHXHXXI
−=
−+=
 
It can be found from the above definition that the mutual 
information between iX  and jX  practically expresses 
as the provided information about jX after iX  is 
determined. Therefore, both the correlativity between a 
pair of strong correlative drugs and the correlativity 
between an other pair of complete no-correlative drugs 
are very large, and they are larger than 0, leading to that 
the two types can not be separated by the later cluster 
method. Thus, modified mutual information was put 
forward to resolve this problem. Strong correlative drugs 
or in-correlative drugs can be differentiated by using the 
positive occurrence rate. The positive occurrence rate is 
referred to the probability when two variables are 0 at the 
same time. The positive occurrence rate between strong 
correlative drugs are very large, while the occurrence 
rate between in-correlative drugs should be 0 
theoretically, that is, it is impossible that there are two 
in-correlative drugs in a recipe at the same time. So, the 
definition of mutual information and correlation 
coefficient are anew expressed as:  
4） 0
0
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i j i j i j
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For each variable, according to its and other variable’s 
correlation coefficients, the “intimate variable” of each 
variable can be attained. The intimate variable is 
calculated: When a special variable iX  is selected, in: 
( ) { ( , ), 1,2... ... }i i jSet X I X X j j i N= ∆ = ≠ , the 
anterior Z ( 1 1Z N≤ ≤ − ) variables with the 
maximum value are taken to form a collection with Z  
elements，regarding as ( )iD X . Generally, Z is very 
small compared to N , this collection can be called as 
“intimate variable” of the variable iX , because its each 
element all is highly correlated with X i . For each 
variable, their own “intimate variable” ( )( 1,2... )iD X i N=  
is taken. If two variables occur in own “intimate 
variable” each other, the two variables will be regarded 
as strong correlation, i.e., variables iX and jX  are 
strong correlation only when ( )i jX D X∈  
and ( )j iX D X∈ . Can only strong correlation get 
together. The rest may be inferred, when 3 variables 
gather in a class and only when any two variables are 
strong correlation. Because Z  is finite，this calculation 
method is definitely convergence. 
RESULTS 
After 407 recipes in the database were analyzed and 
screened with above-mentioned methods, 30 drugs with 
higher using frequency in treatment of chronic gastritis 
were attained: Hai Piao Xiao (海螵蛸 Os Sepiella seu 
Sepiae) 355; Tian Hua Fen (天花粉 Radix Trichosanthis) 
347; Tai Zi Shen (太子参 Radix Pseudostellariae) 324; 
Chuan Bei Mu (川贝母 Bulbus Fritillariae Cirrhosae) 
300; Bai Zhu ( 白 术 Rhizoma Atractylodis 
Macrocephalae) 296; Ban Xia Qu (半夏曲 Rhizoma 
Pinelliae Fermentata) 244; E Zhu (莪术 Rhizoma 
Zedoariae) 201; Ji Nei Jin (鸡内金 Endothelium 
Corneum Gigeriae Galli) 196; Sha Ren (砂仁 Fructus 
Amomi) 144; Lai Fu Zi (莱菔子 Semen Raphani) 142; 
Bai Shao (白芍Radix PaeniaeAlba) 126; Huang Lian (黄
连 Rhizoma Coptidis) 125; Wu Zhu Yi (吴茱萸 Fructus 
Evodiae) 116; Pao Jiang (炮姜 Baked Ginger) 94; Lian 
Qiao (连翘 Fructus Forsythiae) 80; Chen Pi ( 陈皮 
Pericarpium Citri Reticulatae) 76; Jiao Bing Lang (焦槟
榔 scorched Semen Arecae) 74; Dang Gui (当归 Radix 
Angelicae Sinensis) 71; Zhi Shi (枳实 Fructus Aurantii 
Immaturus) 67; Mai Dong (麦冬 Radix Ophiopogonis) 
61; Zhi Qiao (枳壳 Fructus Auranii) 244; Hou Po (厚朴
Cortex Magnoliae Officinalis) 59; Zhe Bei Mu (浙贝母
Bulbus Fritillariae Thunbergii) 57; Mu Xiang (木香
Radix Aucklandiae) 52; Dan Shen (丹参 Radix Salviae 
Miltiorrhizae) 51; Bai Zhi (白芷  Radix Angelicae 
Dahuricae) 47; Huang Qin (黄芩 Radix Scutellariae) 47; 
Shan Yao (山药 Rhizoma Dioscoreae) 44; Yu Jin (郁金
Radix Curcumae) 44; Sheng Di Huang (生地黄 Radix 
Rehmanniae) 38. 
The 94 commonly-used drug pairs with correlation 
coefficient of over 0.05 were achieved with the modified 
mutual information method: Huang Lian (黄连 Rhizoma 
Coptidis) & Wu Zhu Yi (吴茱萸 Fructus Evodiae) 
0.64031; Hai Piao Xiao (海螵蛸 Os Sepiella seu Sepiae) 
& Tian Hua Fen (天花粉 Radix Trichosanthis) 0.19216; 
Lian Qiao (连翘 Fructus Forsythiae) & Tian Hua Fen (天
花粉Radix Trichosanthis) 0.17318; Chuan Bei Mu (川贝
母 Bulbus Fritillariae Cirrhosae) & Hai Piao Xiao (海螵
蛸 Os Sepiella seu Sepiae) 0.14874; Gui Ban (龟板
Plastrum Testudinis) & Long Gu (龙骨 Os Draconis)                
0.14749; Gui Ban (龟板 Plastrum Testudinis) & Mu Li 
(牡蛎 Concha Ostreae) 0.14749; Jiang Xiang (降香
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Lignum Dalbergiae Odoriferae) & Shan Nai (山柰
Rhizoma Kaempferiae) 0.13394; Jiao Bin Lang (焦槟榔
scorched Semen Arecae) & Mu Xiang (木香 Radix 
Aucklandiae) 0.13394; Pao Jiang (炮姜 Baked Ginger) & 
Sha Ren (砂仁 Fructus Amomi) 0.12569; Bai Zhu (白术
Rhizoma Atractylodis Macrocephalae) & Sheng Di 
Huang (生地黄 Radix Rehmanniae) 0.11946; Bai Zhu 
(白术 Rhizoma Atractylodis Macrocephalae) & Huang 
Qin (黄芩 Radix Scutellariae) 0.11214; Huang Qi (黄芪
Radix Astragali) & Tai Zi Shen (太子参 Radix 
Pseudostellariae) 0.11102; Sheng Di Huang (生地黄
Radix Rehmanniae) & Shu Di Huang (熟地黄 Radix 
Rehmanniae Preparata) 0.10788; Sheng Di Huang (生地
黄 Radix Rehmanniae) & Huang Qin (黄芩 Radix 
Scutellariae) 0.10051; Dang Gui (当归 Radix Angelicae 
Sinensis) & Lian Qiao (连翘 Fructus Forsythiae) 
0.096696; Dang Gui (当归 Radix Angelicae Sinensis) & 
Bai Zhi (白芷 Radix Angelicae Dahuricae) 0.096696. 
The 11 core combinations were attained with the 
complex system entropy cluster method: 1) Tai Zi Shen 
(太子参Radix Pseudostellariae), Bai Zhu (白术Rhizoma 
Atractylodis Macrocephalae), Hai Piao Xiao (海螵蛸 Os 
Sepiella seu Sepiae), Chuan Bei Mu (川贝母 Bulbus 
Fritillariae Cirrhosae), Tian Hua Fen (天花粉 Radix 
Trichosanthis); 2) Tai Zi Shen ( 太 子 参 Radix 
Pseudostellariae), Bai Zhu (白术 Rhizoma Atractylodis 
Macrocephalae), Lian Qiao (连翘 Fructus Forsythiae), 
Tian Hua Fen (天花粉 Radix Trichosanthis), Chuan Bei 
Mu (川贝母 Bulbus Fritillariae Cirrhosae); 3) Hai Piao 
Xiao (海螵蛸Os Sepiella seu Sepiae), Chuan Bei Mu (川
贝母 Bulbus Fritillariae Cirrhosae), Huang Lian (黄连
Rhizoma Coptidis), Wu Zhu Yi (吴茱萸 Fructus 
Evodiae); 4) Bai Zhi (白芷 Radix Angelicae Dahuricae), 
Jiang Xiang (降香 Lignum Dalbergiae Odoriferae), Mu 
Xiang (木香 Radix Aucklandiae), Shan Nai (山柰
Rhizoma Kaempferiae); 5) Lian Qiao (连翘 Fructus 
Forsythiae), Hai Piao Xiao (海螵蛸 Os Sepiella seu 
Sepiae), Huang Lian (黄连 Rhizoma Coptidis), Wu Zhu 
Yi (吴茱萸 Fructus Evodiae); 6) TianHua Fen (天花粉
Radix Trichosanthis), Hai Piao Xiao (海螵蛸 Os Sepiella 
seu Sepiae), Huang Lian (黄连 Rhizoma Coptidis), Wu 
Zhu Yi (吴茱萸 Fructus Evodiae); 7) Chuan Bei Mu (川
贝母 Bulbus Fritillariae Cirrhosae), Hai Piao Xiao (海螵
蛸 Os Sepiella seu Sepiae), Tian Hua Fen (天花粉 Radix 
Trichosanthis); 8) Bai Zhu (白术 Rhizoma Atractylodis 
Macro-cephalae), E Zhu (莪术 Rhizoma Zedoariae), Tai 
Zi Shen (太子参 Radix Pseudostellariae); 9) Bai Zhu (白
术 Rhizoma Atractylodis Macrocephalae), Huang Qin 
(黄芩 Radix Scutellariae), Tai Zi Shen (太子参 Radix 
Pseudostellariae); 10) Ban Xia Qu (半夏曲 Rhizoma 
Pinelliae Fermentata), Hai Piao Xiao (海螵蛸Os Sepiella 
seu Sepiae), Tian Hua Fen (天花粉Radix Trichosanthis); 
11) Lian Qiao (连翘 Fructus Forsythiae), Hai Piao Xiao 
(海螵蛸 Os Sepiella seu Sepiae), Tian Hua Fen (天花粉
Radix Trichosanthis). 
DISCUSSION 
Prof. GAO Zhong-ying gradually forms own unique 
theory of “spleen deficiency and stomach dryness” 
according to own clinical experiences of many years and 
in combination with the theory of spleen and stomach of 
LI Dong-yuan and view point of YE Tian-shi. He 
synthesizes various causes of disease and manifestations 
of syndrome types of chronic gastritis, and considers that 
any lesion of chronic gastritis has the same pathologic 
mechanisms “spleen deficiency and stomach dryness”.3 
For treatment of chronic gastritis, Prof. GAO holds that 
typing of syndromes is basis and emphasizes paying 
attention to the pathologic characteristic of “spleen 
deficiency and stomach dryness”, and combination with 
the states of reddening and swelling, erosion and atrophy 
of the mucosa under gastro scope and combination of 
syndrome differentiation with disease differentiation, 
correctly selecting drugs to composite recipes, thus, 
achieving very obvious clinical therapeutic effects. 
It can be seen from Table 1 that after statistical analysis 
the highest use frequency is Hai Piao Xiao (海螵蛸 Os 
Sepiella seu Sepiae) 355, next Tian Hua Fen (天花粉 
Radix Trichosanthis) 347, Tai Zi Shen (太子参 Radix 
Pseudostellariae) 324, Chuan Bei Mu (川贝母 Bulbus 
Fritillariae Cirrhosae) 300, Bai Zhu (白术 Rhizoma 
Atractylodis Macrocephalae) 296, Ban Xia Qu (半夏曲 
Rhizoma Pinelliae Fermentata) 244, E Zhu (莪术
Rhizoma Zedoariae) 201, Ji Nei Jin ( 鸡 内 金
Endothelium Corneum Gigeriae Galli) 196, Sha Ren (砂
仁 Fructus Amomi) 144 , Lai Fu Zi (莱菔子 Semen 
Raphani) 142, Bai Shao (白芍 Radix PaeniaeAlba) 126, 
Huang Lian (黄连 Rhizoma Coptidis) 125, Wu Zhu Yi 
(吴茱萸 Fructus Evodiae) 116, Pao Jiang (炮姜 Baked 
Ginger) 94, Lian Qiao (连翘 Fructus Forsythiae) 80. 
The results completely conform to clinical practice, and 
they basically are the commonly-drugs for treatment of 
chronic gastritis, which basically uniform with core 
combination data reflected in Table 3. It can be found 
from Table 2 that the mutual information value (0.64031) 
of Zuo Jin Wan (左金丸) application in these drugs pairs 
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was the highest, which also basically conforms to the 
clinical practice, for example, for the patient with severe 
acid regurgitation, and red tongue and yellow fir, Zuo Jin 
Wan (左金丸) with high dosage of Huang Lian (黄连
Rhizoma Coptidis), the ratio of Huang Lian to Wu Zhu 
Yi (吴茱萸 Fructus Evodiae) being 2:1 can strengthen 
the effect of alleviating the acid. In the Table 3, the first 
core combination just is the combinations of two groups 
of drugs for treatment of chronic gastritis in Prof. GAO 
Zhong-ying’s clinical practice, one drug group composed 
of Tai Zi Shen (太子参 Radix Pseudostellariae) and Bai 
Zhu (白术 Rhizoma Atractylodis Macrocephalae) has 
functions of strengthening spleen and supplementing qi 
for treatment of spleen deficiency, and another drug 
group composed of Hai Piao Xiao (海螵蛸 Os Sepiella 
seu Sepiae), Tian Hua Fen ( 天 花 粉  Radix 
Trichosanthis), and Chuan Bei Mu (川贝母 Bulbus 
Fritillariae Cirrhosae) can improve symptoms of stomach 
dryness, with functions of nourishing yin and 
harmonizing stomach, moisturizing dryness and 
promoting production of body liquid and stopping 
thirsty. 
Prof. GAO’s academic thought and characteristics of 
diagnosis and treatment for chronic gastritis include two 
aspects. On the one hand, he stresses spleen deficiency 
and stomach dryness in pathogenesis, and combination 
of syndrome differentiation with disease differentiation 
(gastroscope examination results), treating both the 
principal and the secondary aspects of a disease; On the 
other hand, in selection of recipes and drugs, he treats 
dryness mainly with the drugs sweet in taste and cold in 
nature with heat-clearing and moisturizing functions as 
main, with the great breaking out in selection of the 
drugs with functions of resolving swelling such as Chuan 
Bei Mu (川贝母 Bulbus Fritillariae Cirrhosae), Tian 
Hua Fen (天花粉 Radix Trichosanthis), which originally 
are the drugs of resolving mass and treating boils, and 
more used for treatment of external carbuncle, but Prof. 
GAO uses the two drugs for treatment of chronic gastritis, 
practically also used for treatment of carbuncles, playing 
a good role of removing carbuncles. Clinically, it has 
been proved that combination of Chuan Bei Mu (川贝母
Bulbus Fritillariae Cirrhosae) with Tian Hua Fen (天花
粉 Radix Trichosanthis) can repair the injured gastric 
mucosa (or erosion or ulcer), and can nourish yin and 
promote production of body fluid, improving various 
syndromes of stomach dryness. 
The data of recipes often have the characteristics of high 
dispersion degree and non-linear, etc, and traditional 
statistic and data mining methods easily attain sham 
positive results for these data. The complex system 
entropy cluster is a recently raised technique specially 
for data characteristics of TCM clinical four diagnostic 
methods and Chinese drug recipes,2 which is a class of 
unsupervised data mining methods, in accordance with 
the non-linear relation among the graded variables such 
as four diagnostic information, Chinese drugs, etc, useful 
information in the dispersion information is collected as 
much as possible, and the information of useless was 
deleted, the variables are clustered by self-organization, 
and the variable number in the class is automatically 
determined. At the same time, the technique can realize 
occurrence of a variable in different classes, which 
conforms to the basic theory of TCM, and it has been 
probed in TCM clinic and development of new recipes of 
Chinese drugs, etc., the results basically conforming to 
clinical practice.4,5 
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